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The LEP Dataset

Thanks LEP!
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Mediation of SUSY breaking

W
M   ~ 100 GeV

18

P
M  ~ 10   GeV

SU(3)xSU(2)xU(1)

SUGRA

G

GMSB

VISIBLE SECTOR

MESSENGER SECTOR

HIDDEN SECTOR

Supersymmetric 
Standard Model 

F ~10   GeV
11 N5

× Φ
F ~10  −10   GeV

4 10

SUSY

MS 

SUSY breaking can be communicated
down to the visible sector via:

Gravity Gauge interactions

FCNC? no FCNC: low energy

+ flavour blind

mG̃ ' 2.4
( √

F
100 TeV

)2
eV

mG̃∼few TeV 10−2 <mG̃ <104 eV

χ̃0
1 LSP G̃ LSP

↙

Gauge Mediated SUSY Breaking

Six parameters to define minimal GMSB models:
√

F SUSY breaking scale in the messenger sector

N5 number of messenger pairs

Mmess messenger mass scale

Λ universal mass scale of SUSY particles

tan β ratio of Higgs vacuum expectation values

sign(µ) sign of Higgs sector mixing parameter
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GMSB phenomenology

➤ G̃ is the LSP:

10−2 eV . mG̃ . 3 keV

➤

NLSP =







χ̃0
1 → γG̃

˜̀ → `G̃

➤ τ̃R and τ̃L mix =⇒ τ̃1 NLSP
(large tan β)

➤ Decay length of the NLSP:

cτ ≈
0.01

κγ

(

100 GeV

mNLSP

)5
(

m
G̃

2.4 eV

)2

cm

(κγ=1 for ˜̀ NLSP)

Signatures depend on the NLSP

type and NLSP decay length

➔

Many different topologies!
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χ̃ NLSP

Short χ̃ lifetime: cτ < 1 cm ➡ Two acoplanar γ

• Also e+e− → χ̃0
1G̃ → γG̃G̃ and e+e− → G̃G̃γISR ⇔ MG̃ ∼ 10−4 eV

• Suffer irreducible bkg: e+e− → νν̄γ(γ)
Z

e

e

0

+

-

ν

ν-

~
~
~~~~~ γ

~~~~~~ γ

Medium χ̃ lifetime: cτ ∼ `detector ➡ Non pointing γ(s)

• Require impact parameter > 40 cm

• Impact parameter reconstructed from the EM shower axis

• Bkg: νν̄γ(γ) + cosmic rays → bremsstrahlung from out-of-time muons

~
G

~
G

γ

γ

G
∼

χ

χ
γ
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☞ If cτ > `detector: Indirect limits from ‘standard’ ˜̀ and χ̃± searches
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χ̃ NLSP: No lifetime

Topology: two acoplanar photons pointing to the vertex and 6E
• Look for two high energy photons and 6pt

• Use as discriminant: recoil mass against

the photon system

• CDF event 2e+2γ+6E ruled out
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χ̃ NLSP: Medium lifetime

Topology: Non pointing photon(s)
e
+

e
−

ẽ

χ̃
0
1

χ̃
0
1

γ

G̃

γ

G̃

(unlikely that both χ decay inside the detector)

• Reconstruct impact parameter from EM shower axis (d0 > 40 cm)

• Good agreement in total number of events:
ALEPH (189-209 GeV): 2 obs./1.0 exp.
DELPHI(130-209 GeV): 16 obs./14.6 exp.

(mẽR
= 1.1 mχ and χ is bino)
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˜̀ NLSP

Short ˜̀ lifetime: cτ < 1 cm ➡ 2 acoplanar ` + 6E

• Major bkg.: WW production, γγ processes

Medium ˜̀ lifetime: cτ ∼ `detector ➡ kinks + large IP

• Look for large Impact Parameter tracks (1 . L . 40 cm)

and kinked tracks (10 . L . 200 cm)

• Major bkg.: cosmic rays, γγ and decays of K0
s (large IP) and K± (kinks)

Long ˜̀ lifetime: cτ > `detector ➡ Heavy Stable Ch. part.

• Two back to back particles: highly ionising tracks

~
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
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˜̀ NLSP: Prompt decay

Topology: e+e− → ˜̀+
R

˜̀−
R → `+`− G̃G̃ (acoplanar leptons)

• Identical to ˜̀+
R

˜̀−
R → `+`− χ̃0

1χ̃
0
1 with mχ̃0

1
∼ 0 in SUGRA

• Search for two identified leptons and 6E

• No excess seen . . . =⇒ set limits:

ADLO lower limits @ mχ = 0

mẽ mµ̃ mτ̃

obs 99.6 94.9 85.9

exp 99.2 91.4 85.8
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(µ=-200 GeV/c2, tanβ=1.5)
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Arán Garćıa-Bellido SUSY02: GMSB searches at LEP Page 8



˜̀
N

L
S
P

:
M

e
d
iu

m
li
fe

ti
m

e

•
S
le

p
to

n
d
ec

ay
s

b
ef

or
e

re
ac

h
in

g
tr

ac
k
in

g
d
ev

ic
es

−
→

la
rg

e
IP

★
R

e
q
u
ir

e
a
t

le
a
st

o
n
e

(n
o
n
-t

a
u
)

tr
a
ck

w
it

h
|d

0
|>

1
c
m

•
S
le

p
to

n
d
ec

ay
s

in
th

e
tr

ac
k
in

g
ch

am
b
er

−
→

k
in

ke
d

tr
ac

k
★

U
se

k
in

k
a
n
g
le

a
n
d

e
n
e
rg

y
v
e
to

to
d
is

c
e
rn

fr
o
m

h
a
rd

b
re

m
ss

tr
a
h
lu

n
g

a
n
d

h
a
d
ro

n
ic

in
te

ra
c
ti

o
n
s:

π
±

→
µ
±

ν
,

K
±

→
µ
±

ν
o
r

π
±

π
0

M
ad

e 
on

 2
5−

Ju
l−

20
01

 1
4:

29
:1

4 
by

 jo
ne

sl 
w

ith
 D

A
LI

_E
2.

Fi
le

na
m

e:
 D

C0
00

11
1_

00
00

17
_0

10
72

5_
14

29
.P

S

DALI_E2  
   ECM=20

7.9 Pch=5
.51 Efl=9

4.1 Ewi=7
5.6 Eha=8

.04  j−87
−84−     

         
         

         
       

         
   Nch=2 

    EV1=0
    EV2=0

    EV3=0
    ThT=0

         
         

         
         

   Detb= 
     71

Run=111  
   Evt=17

      

ALEPH

19.Gev EC
4.6Gev HC

an.cutF.C.imp. YX
hist.of

BA.+E.C.

0
|−100cm  

    

       30
0cm|

X 

0

|−200cm      

       200cm|

Y 

   #    P
   dP  ph

i theta  
D0   Z0 c

hiq   

   4 −5.0
4 .02  86

   77  −.
01 .1756 

40    

   3 +12.
5 .10 230

  126  −5
.4 .2518 

31    

   1 −.47
6 .00 339

  103  .0
10 .1528 

45    

   2 +34.
6 .74 355

   96  −3
.4 2.465 

24    

25. Gev E
C 4.3 Gev H
C

an.cut RZ

0
|−600cm  

    
       60

0cm|
Z    

0
|−600cm      

       600cm|
ρ

M
ade on 25−Jul−2001 14:31:44 by jonesl with DALI_E2.

Filenam
e: DC000111_000008_010725_1431.PS

DALI_E
2     

ECM=20
7.9 Pc

h=121.
 Efl=1

30. Ew
i=51.2

 Eha=0
     j

−87−84
−     

      
      

      
      

      
    

      
      

Nch=3 
    EV

1=0   
 EV2=0

    EV
3=0   

 ThT=0
      

      
      

      
      

      
   Det

b=    
  71

Run=11
1     

Evt=8 
      

ALEPH

23.Gev
 EC

an.cu
t F.C.

imp.

YX
hist.of

BA.+E.C.

0

|−300c
m     

 

      
 100cm

|

X 

0

|−
10
0c
m 
  
  
 

  
  
  
 2
00
cm
|Y
 

   #  
  P   

dP  ph
i thet

a  D0 
  Z0 c

hiq   

   5 +
1.72 .

03  46
   17 

 10.3 
−5.20 

21    

   2 +
2.24 .

01  63
   59 

 −.01 
.5819 

21    

   3 −
66.3 1

7. 155
  116 

 −.00 
.5904 

11    

T  4 −
35.3 5

.4 199
   47 

 45.6 
−76.0 

9     

   1 −
2.17 .

01 295
   62 

 −.00 
.5926 

53    

17. Ge
v EC

an.cu
tRZ

0

|−600c
m     

 

      
 600cm

|

Z    

0

|−
60
0c
m 
  
  
 

  
  
  
 6
00
cm
|

ρ

Made on 25−Jul−2001 14:11:22 by jonesl with DALI_E2.

Filename: DC000111_000027_010725_1411.PS

DALI_E2     ECM=207.9 Pch=102. Efl=170. Ewi=93.8 Eha=3.26  j−87−84−                                       

            Nch=3     EV1=0    EV2=0    EV3=0    ThT=0                                       Detb=      71

Run=111     Evt=27      

ALEPH

32.Gev EC
2.2Gev HC

an
.c

ut
F.

C.
im

p.
YX hist.of BA.+E.C.

0

|−300cm      

       200cm|

X 

0

|−300cm      

       200cm|

Y 

an
.c

ut
im

p.

RZ

0

|−100cm      

       100cm|

Z    

0

       200cm|

ρ

18
9 

G
eV

, O
P

A
L

 P
re

lim
in

ar
y

In
va

ri
an

t 
m

as
s 

(G
eV

/c
2 )

Entries / 240 MeV/c
2

02040608010
0

12
0

14
0

16
0

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

la
r
g
e

IP
T

P
C

k
in

k
IT

C
k
in

k
K

0 S
p
e
a
k

o
f
s
e
c
.

t
r
a
c
k
s

fromLukeJones

A
L
E

P
H

D
E

L
P

H
I

O
P
A

L

1
o
b
s.

/
1
.1

ex
p
.

9
o
b
s.

/
7
.4

ex
p
.

1
o
b
s.

/
1
.1

ex
p
.(
ẽ,
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˜̀ NLSP: Long lifetime

Topology: Heavy Stable Charged particles
• Look for two back–to–back tracks

• with anomalous high or low dE/dx

• High efficiency (∼ 90%)

& very low SM bkg
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Slepton mass combined limits
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˜̀ NLSP: Cascade decays

Study e+e− → χχ with ~

χ

~
G

to benefit from larger

(× 2) cross section

Topology: Final state with 4 lepton/tau + 6E

• Search for two energetic and two soft `

★ also new searches with lifetime: kinks or large IP

• χs decay independently → six selections: ẽẽ, µ̃µ̃, τ̃ τ̃ , ẽµ̃, ẽτ̃ , µ̃τ̃

★ Strong dependence on ∆M=mχ-m˜̀

• No excess ⇒ 95% C.L. limits on production cross section:
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Other possibilities (DO)

Charginos with ˜̀ NLSP : e+e− → χ̃+
1 χ̃−

1 → ˜̀+ ˜̀−νν̄ → `+`−G̃G̃νν̄

• Look for 2 ` + 6E like in SUGRA. Different kinematics in lifetime case

• m
χ̃
±
1

> 95.2 GeV/c2 at 95% C.L. for ∆M ≥ 0.3GeV/c2

Sgoldstinos e+e− → Sγ → γγγ

ggγ

• For ultralight G̃ (⇔
√

F very small) → G̃ is mainly goldstino

• Search for its heavy SUSY partner: Sgoldstino S (+ monochr. γ)

• Not seen ⇒ exclude
√

F − mS plane for different gaugino mass values

DELPHI
√

s=189-202 DELPHI
√

s=189-208
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GMSB Interpretation

Perform scan over parameter space, eg: 104 ≤ Mmess ≤ 1012 GeV

Combine: 0.1 ≤ mG̃ ≤ 105 eV

★ all topologies and all lifetimes 1 < Λ < min(
√

F, M) TeV

★ LEP1 exclusion 1.5 ≤ tan β ≤ 40

★ MSSM ˜̀ & χ̃± limits 1 ≤ N5 ≤ 5

★ Higgs limits from (mh, sin2(β − α)) sign(µ)=±1

Absolute (indirect) lower mass limit on the NLSP:

MNLSP > 54 GeV/c2 (independent of lifetime)

short lifetimes (m
G̃

≤ 10 eV) long lifetimes (m
G̃

≥ 1 keV)
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GMSB Interpretation

Gaugino and sfermion masses depend on Λ and N5

Mλ ∝ N5Λ
➔

Λ controls the mass scale

M2
f̃

∝ N5Λ
2 of SUSY particles

Set an absolute limit on Λ:
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Since Λ .
√

F and mG̃ = F√
3MPlanck➔

mG̃ > 0.024 (0.061) eV/c2
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Conclusions

➤ No hint for alternative SUSY at LEP

➤ Many different topologies have been studied up to the

highest energies in GMSB scenarios

➤ Now covering all lifetimes and most of the parameter space

➤ (almost) Independent limits on the NLSP mass and the

gravitino mass are set

➤ Still working on final results and combinations

➤ The quest is now open to Tevatron and LHC: good hunt!

Visit: http://lepsusy.web.cern.ch/lepsusy for updates
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Extra1: Stau limit with searches
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Extra2: Tevatron reach and LEP impact
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